Abstract. Activated leukocyte cell adhesion molecule (ALCAM) is a membranous cell adhesion protein that is often expressed in breast cancer. Data on the prognostic impact of ALCAM expression is highly controversial in this cancer. To evaluate the clinical impact of ALCAM expression in a sufficiently large patient cohort, we utilized a tissue microarray (TMA) containing more than 2,100 primary breast cancers with clinical follow-up data by immunohistochemistry. TMA spots containing normal breast epithelium showed moderate to strong membranous ALCAM staining. ALCAM staining was strong in 66.2%, moderate in 10.9%, weak in 11.1% and absent in 11.8% of 1,778 (80.9%) interpretable breast cancer tissue spots. Decreased ALCAM expression was significantly associated with advanced tumor size (p=0.0017), unfavorable tumor grade (p<0.0001), negative ER and PR status (p<0.0001 each) as well as high Ki67 labeling index (p<0.0001). Cancers with ACLAM expression loss had a significantly poorer overall (p<0.0001) and disease-specific survival (p= 0.0088). This association also held true in the subset of nodal positive cancers (p<0.0001). In conclusion, these data demonstrate that ALCAM is generally expressed in normal and cancerous breast epithelium and that a marked reduction of ALCAM expression characterizes a subset of breast cancer patients with adverse tumor characteristics and unfavorable clinical outcome.
Introduction
Activated leukocyte cell adhesion molecule (ALCAM), also designated CD166, is a member of the immunoglobulin superfamily. ALCAM is a cell adhesion molecule expressed by epithelial cells in several organs and is involved in embryogenesis, angiogenesis, hematopoiesis (1), immune response (2) and, of course, cell adhesion (3) . Cell adhesion molecules can be involved in tumor cell-tumor cell adhesion, tumor cellendothelial cell adhesion and tumor cell-matrix adhesion, which are all essential during primary tumor formation or metastasis at different times.
The initial studies that identified a role for ALCAM in human malignancies were performed in melanoma (4, 5) . Over the last decade, alterations in ALCAM expression have been described in several other malignancies including bladder (6) , colorectal (7) , esophageal squamous cell (8) , pancreatic (9) , oral squamous cell (10) and ovarian cancer (11) , neuroblastoma (12) , prostate (13) and breast cancer (14, 15) . These data suggest that ALCAM expression is increased in some tumors and downregulated in others. An association between high ALCAM expression and unfavorable prognosis has been shown for colorectal (7) , pancreatic (9) and esophageal squamous cell cancer (8) , and neuroblastoma (12) . As a membrane protein, ALCAM also represents a potential target for therapy, which has already been successfully targeted by human recombinant single-chain antibody in breast cancer cells (16) .
For breast cancer, ALCAM expression data are contradictory. Some studies revealed an increased ALCAM expression to be associated with poor prognosis (15, 17) or lymph node metastasis and local recurrence (18) , while others found a decreased ALCAM expression to be linked to a poorer clinical course (14, 19, 20) . One explanation for these conflicting data potentially lies in the relatively small number of breast cancer cases included in those studies, ranging from 56 to 347 (14, 15, 17, 21) . The aim of the present study was to clarify the prevalence and prognostic role of ALCAM expression in breast cancer using a pre-existing large-scale tissue microarray (TMA) including more than 2,000 breast cancer samples. 
Materials and methods
Breast cancer TMA. The pre-existing TMA used for the purpose of the present study has been described in detail previously (22) . In brief, the TMA contained a total of 2,197 human breast cancer samples from paraffin-embedded tissue specimens fixed in 4% neutral buffered formalin. The median patient age was 62 years (range, (22, 25) . In these studies, the Allred score was utilized for the evaluation of ER/PR staining. The percentage of Ki67-positive tumor cell nuclei was registered as Ki67 labeling index (LI).
Statistical analysis.
Contingency table analysis and Chi-square test were used to study the relationship between IhC results and clinicopathological variables. Kaplan-Meier plots were used to estimate disease-specific and overall survival and the statistical significance was determined by the log-rank test. Cox proportional hazard model with stepwise selection of the covariates was used to determine the parameters with greatest influence on patient survival. In exploratory analysis, p-values <0.05 were considered to indicate a statistically significant difference. ciations with tumor phenotype were similar; loss of ALCAM expression was significantly linked to advanced tumor size (p=0.0015) and higher tumor grade (p<0.0001). No significant association was found between ALCAM staining levels and nodal status in the ductal (NST) subgroup (p=0.045).
Results

ALCAM expression. ALCAM immunostaining was interpre-
Cell proliferation was previously determined immunohistochemically by using the Ki67 LI (22) . An inverse relationship was found between ALCAM staining and cell proliferation; the average Ki67 LI increased from 26.3% in 1,011 cancers with strong ALCAM staining to 33.1% in 181 tumors lacking detectable ALCAM expression (p<0.0001; Table I ). Reduced ALCAM immunostaining was further linked to negative ER and PR status (p<0.0001 each). All results are summarized in Table II. ALCAM expression as prognostic factor for survival. Survival analysis revealed a highly significant relationship between loss of ALCAM expression and poor overall (p<0.0001; Fig. 3A) as well as disease-specific patient survival (p= 0.0088; Fig. 3B ). This association also held true in the subset of nodal positive breast cancers (p<0.0001; Fig. 3C ). An additional analysis in a subset of 202 breast cancer patients who had received tamoxifen monotherapy revealed no significant association between ALCAM expression and survival data (p=0.2447; data not shown). Separate analyses were also performed for subgroups with alternative treatment information. In the subgroup of 63 breast cancer patients who were treated by chemotherapy alone, the relationship between ALCAM expression and outcome was retained (p=0.0212; data not shown). In the 69 patients with combined treatment of chemotherapy and tamoxifen, there was no significant impact of ALCAM expression on survival (p=0.2486; data not shown). A multivariate analysis including tumor size, nodal status and histological grade did not suggest that ALCAM expression is an independent prognostic marker in our patient cohort (Table III) .
Discussion
In the present study, more than 1,700 breast cancers were successfully analyzed for ALCAM expression. The results suggest that high ALCAM expression is a common feature of normal and cancerous breast epithelial cells and that its loss is linked to tumor progression, rapid cell proliferation and shortened survival.
A comparison with normal breast tissue revealed that ALCAM expression is high in normal breast epithelium but is reduced or lost in a fraction of cancers. This observation is in line with earlier data from King et al (14) and Kilic et al (26) describing that high levels of ALCAM expression are typically seen in normal breast epithelium. These findings suggest that high levels of ALCAM expression represent a physiological situation. ALCAM expression was found to be retained at high frequency and high levels in breast cancer in the present Table II . Pathological characteristics of the analyzed breast cancers included in the TMA in correlation with the ALCAM IhC results.
ALCAM IhC results ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------N (analyzable)
Negative ( study. A total of 88.2% of our cancers had detectable expression including 66.2% with 'strong' expression according to our scoring criteria. This high frequency is consistent with data from several earlier studies. Burkhardt et al (15) , for example, found 75% ALCAM-expressing cancers among 160 analyzed cases. Ihnen et al (27) showed that 95% of their 162 breast cancers were ALCAM-positive, while hein et al (17) demonstrated 79% ALCAM-expressing breast cancers in their cohort comprising 347 cases. Another study analyzing 84 cases found 96% of the tested breast cancers to be ALCAM-positive (28) . In the present study, a significant association between lost ALCAM expression and an adverse clinical course was observed. This finding is in line with several of the earlier studies analyzing ALCAM expression in breast cancer (14, 19, 20) . Based on the known function of ALCAM as a cell adhesion molecule, it appears possible that loss of such a protein would result in more adverse cancer cell behavior due to a facilitated tissue infiltration, and, accordingly, a higher likelihood for developing metastases. however, several other studies came to different conclusions. For example, Piao et al (18) found high membranous ALCAM expression to be statistically correlated with a worse clinical course and high cytoplasmic staining with local recurrence. hein et al (17) found high ALCAM expression linked to shorter overall survival compared to patients with low/moderate ALCAM scores, while ALCAM-negative tumors had an intermediate position. Burkhardt et al (15) reported that strong cytoplasmic ALCAM expression was significantly associated with earlier disease progression, while there was no correlation between membranous ALCAM expression and clinicopathological data. Ihnen et al (27) also failed to find an association of ALCAM protein or mRNA expression with histological type, grading or stage in a series of 162 breast cancers. It may be that some of these contradictory data are due to the relatively small patient cohorts analyzed, ranging from 56 to 347 (14, 15, 17, 18, 21, 27) . The different methods used in those studies could be an additional source explaining these conflicting results. For example, some studies estimated levels of ALCAM using western blotting (26, 27) , while others performed real-time PCR (14) or IhC (15, 17, (27) (28) (29) .
A variable role of ALCAM expression in patient prognosis depending on the therapies applied could also contribute to variable results between studies evaluating the prognostic role of ALCAM expression in breast cancer. A predictive role of ALCAM expression has indeed been suggested. Ihnen et al (27) found high ALCAM mRNA expression to be positively correlated with long overall survival in patients treated with adjuvant chemotherapy in a series of 162 patients. In contrast, patients with high ALCAM mRNA expression who did not receive chemotherapy tended to have a poorer prognosis in their study. In our patient cohort, the number of patients with complete treatment information was quite limited. The small cohort with treatment information did not enable us to show an unequivocal or strong relationship between ALCAM expression and survival. Even in the subgroup treated by chemotherapy alone, where the survival differences reached statistical significance, the absolute differences were only minimal. Prediction of prognosis is of high relevance in breast cancer. An increasing number of patients undergo prognostic evaluation by multiparameter gene expression tests, such as Oncotype Dx™ (30, 31) . These tests are considered to be able to reduce unnecessary adjuvant chemotherapy, Oncotype Dx™, for example, by evaluating the expression levels of 21 genes and thereby generating a recurrence score of low, intermediate or high risk, which supports the decision on giving adjuvant chemotherapy or not. Data have shown that the recurrence score was low in 48% of the first 20,050 tested patients and in this group there is minimal, if any, benefit from adjuvant chemotherapy (32, 33) . On the other hand, current knowledge indicates that approximately up to 77% of breast cancer patients may be exposed to chemotherapy toxicity and costs with little or no clinical benefit (34) . Given the remaining ~30% of 'unnecessary' chemotherapies, these existing tests are still far from ideal. It is highly likely that existing gene tests will soon be replaced by next generation testing. Based on our data, ALCAM expression analysis may be a component of future prognostic breast cancer tests.
Another potential relevance of ALCAM expression in breast cancer, is its membranous expression, which automatically makes ALCAM a potential therapeutic target. Wiiger et al (16) described a human recombinant single-chain antibody targeting ALCAM that was able to inhibit cancer cell invasion in vitro and in vivo tumor growth. Furthermore, Roth et al (35) described an internalizing single chain antibody that targets ALCAM in prostate cancer cells and immunoliposomes using this antibody were developed in order to deliver liposomal drugs to prostate cancer cells (35) . These cell line experiments illustrate that ALCAM may be of interest not only as a classical membranous target structure for antibody therapy, but also as an internalizing epitope for intracellular delivery of liposomal drugs.
In summary, our data demonstrate that significant levels of membranous ALCAM expression occur in most breast cancers. This makes breast cancer a suitable target for anti-ALCAM therapies once these become available. Moreover, reduced ALCAM expression was strongly linked to adverse clinical features, making ALCAM a candidate biomarker for next generation prognostic multigene panels in breast cancer.
